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ABSTRACT: Three-year-old Angus × Gelbvieh beef
cows, which were nutritionally managed to achieve a
BCS of 4 ± 0.07 (479 ± 36 kg of BW) or 6 ± 0.07 (580 ±
53 kg of BW) at parturition, were used in a 2-yr experi-
ment (n = 36/yr) to determine the effects of maternal
BCS at parturition and postpartum lipid supplementa-
tion on fatty acid profile of suckling calf plasma and
adipose tissue. Beginning 3 d postpartum, cows within
each BCS were assigned randomly to 1 of 3 treatments
in which cows were all fed hay and either a low-fat
(control) supplement or supplements with either high-
linoleate cracked safflower seeds (linoleate) or high-
oleate cracked safflower seeds (oleate) until d 61 of lac-
tation. Diets were formulated to be isonitrogenous and
isocaloric, and safflower seed supplements were pro-
vided to achieve 5% of DMI as fat. Total concentration
of fatty acids in plasma did not differ (P = 0.48) due to
maternal BCS at parturition. Percentage of 20:5n-3 in
plasma tended (P = 0.06) to be greater for calves suck-
ling cows with a BCS of 6 at parturition. No other
differences (P = 0.12 to 0.99) were noted in calf plasma
fatty acid profile due to maternal BCS at parturition.
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INTRODUCTION

Dietary lipid supplementation is often used to meet
the nutritional demands associated with lactation and
reproduction (Funston, 2004; Hess et al., 2005).
Changes in milk fatty acid composition due to lipid
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Likewise, no differences were detected for total fatty
acid concentration (P = 0.88) in calf adipose tissue due
to maternal BCS at parturition. Weight percentage of
14:1 (P = 0.001) was greatest in adipose tissue of calves
suckling cows fed control and oleate; however, the per-
centages of 14:0, 15:0, 16:0, 16:1, 17:0, and 18:3n-3 were
greater (P < 0.001) in adipose tissue from calves suck-
ling cows fed control compared with calves suckling
cows fed linoleate or oleate. Percentages of 18:0,
18:1trans-11, 18:2n-6, and cis-9, trans-11 CLA were
greater (P < 0.001) in adipose tissue from calves suck-
ling cows fed linoleate compared with calves suckling
cows fed control and oleate. Calves suckling cows fed
oleate had greater (P < 0.001) percentages of 18:1trans-
9, 18:1trans-10, and 18:1cis-9 in adipose tissue than
calves suckling cows fed control or linoleate. Calf
plasma and adipose tissue fatty acid profiles were re-
flective of milk fatty acids. Because fatty acids play
an important role in metabolic regulatory functions,
changes in milk fatty acid profile should be considered
when beef cows are fed lipid supplements.

supplementation have been well documented in dairy
animals (Chilliard et al., 2003; Chichlowski et al., 2005;
Loor et al., 2005a). Research has indicated that inclu-
sion of dietary lipids in bottle-fed Holstein calves (Jen-
kins and Kramer, 1990), grain- or bucket-fed Spanish
Brown Swiss veal calves (Vieira et al., 2005), or suckling
goat kids (Martı́n et al., 1999) did not affect growth
performance but influenced adipose tissue fatty acid
composition. However, because linoleic acid is con-
served for phospholipids (Christie, 1981), changes in
phospholipid fatty acid profile through increased exoge-
nously derived fatty acids may alter the dynamics of
plasma membrane characteristics and fluidity, which
may ultimately affect such biological processes as im-
mune function (De Pablo and De Cienfuegos, 2000). To
our knowledge, no research has reported the effects of
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Table 1. Ingredient and chemical composition of diets consumed by lactating beef cows1

Yr 1 Yr 2

Ingredient Control Linoleate Oleate Control Linoleate Oleate

% of DM

Bromegrass hay (CP, 8.5%) 79.3 85.3 85.4 — — —
Foxtail millet hay (CP, 10.8%) — — — 87.2 89.7 89.6
Cracked high-linoleate safflower seeds — 11.8 — — 8.1 —
Cracked high-oleate safflower seeds — — 9.6 — — 7.6
Soybean meal 2.8 — 2.1 0.7 — 0.6
Molasses 0.8 0.8 0.8 0.6 0.6 0.6
Beet pulp pellets 15.0 — — 10.0 — —
Mineral/vitamin supplement2 2.1 2.1 2.1 1.6 1.6 1.6

Nutrient
CP 10.4 10.2 10.4 11.2 11.4 11.4
TDN3 70.6 71.1 72.0 69.7 70.1 70.1
Crude fat 1.2 5.0 5.0 2.2 5.0 5.0

Predominant fatty acid g of fatty acid/100 g of total fatty acids

16:0 28.7 9.9 7.8 19.8 10.0 8.0
18:0 5.6 3.2 0.3 2.7 3.2 0.2
18:1 cis-9 10.1 10.2 73.2 10.4 10.3 71.3
18:2n-6 20.3 69.7 10.4 22.4 68.1 10.9
18:3n-3 6.6 0.6 0.1 1.7 0.4 0.6

1Diets were formulated to be isocaloric and isonitrogenous and to meet the energy requirements of a 544-
kg beef cow producing 9 kg of milk during peak lactation. Lipid-supplemented diets were isolipidic and
formulated to provide 5% of DMI as fat.

2Mineral/vitamin supplement contained 9% Ca, 15% P, 9% NaCl, 3.7% Mg, 0.25% Cu, 0.13% Zn, 5 ppm
Se, 220,500 IU of vitamin A/kg, 110,250 IU of vitamin D/kg, and 110 IU of vitamin E/kg.

3TDN for hay samples was estimated from ADF values (Linn and Martin, 1989), whereas tabular values
(NRC, 1982) were used to calculate TDN of supplemental ingredients.

maternal postpartum dietary lipid supplementation on
plasma and adipose tissue fatty acid profiles of suckling
beef calves. Likewise, no literature is available on the
effects of maternal BCS at parturition on suckling calf
plasma and adipose tissue fatty acid profiles. Because
of the potential influence of dietary fatty acids on meta-
bolic functions, maternal dietary lipid supplementation
effects on tissues from suckling calves warrants fur-
ther investigation.

We hypothesized that maternal prepartum nutri-
tional management and maternal postpartum dietary
lipid supplementation would alter the fatty acid compo-
sition of suckling calf plasma and adipose tissue. There-
fore, our objectives were to evaluate cow BCS at parturi-
tion and maternal supplementation of cracked high-
linoleate or high-oleate safflower seeds on fatty acid
composition of suckling calf plasma and adipose tissue.

MATERIALS AND METHODS

General

The University of Wyoming Institutional Animal
Care and Use Committee approved all procedures for
the following study. Cows were managed as described
by Lake et al. (2005). Briefly, in a 2-yr experiment (n =
36/yr), 3-yr-old Angus × Gelbvieh beef cows (n = 72)
were managed nutritionally to achieve a BCS (1 = ema-
ciated, 9 = obese; Wagner et al., 1988) of 4 ± 0.07 (479
± 36 kg of initial BW) or 6 ± 0.07 (580 ± 53 kg of initial

BW) at parturition. Beginning 3 d postpartum, cows
were placed into 1 of 6 pens (6 animals per pen) with
individual feeding stanchions and fed twice daily. Diets
were hay (2.13% of BW daily during yr 1, and 2.03% of
BW daily during yr 2) plus a low-fat (control) supple-
ment (0.57% of BW daily during yr 1, and 0.30% of BW
daily during yr 2) or supplements with either high-
linoleate (hay at 2.32% of BW daily and supplement at
0.39% of BW daily during yr 1, hay at 2.03% of BW
daily and supplement at 0.23% of BW daily during yr
2; linoleate) or high-oleate cracked safflower seeds (hay
at 2.32% of BW daily and supplement at 0.40% of BW
daily during yr 1, hay at 2.03% of BW daily and supple-
ment at 0.24% of BW daily during yr 2; oleate) until d
61 of lactation.

We previously reported that cows of similar genetics
produced 9 kg of milk/d during peak lactation (Bottger
et al., 2002). Therefore, the diets (Table 1) were formu-
lated to meet the energy requirements of a 544-kg beef
cow producing 9 kg of milk at peak lactation. Diets were
formulated to provide equal quantities of N and TDN
within each year. Dietary ingredients were analyzed
for CP (Leco FP-528, Leco Corp., St. Joseph, MO), crude
fat (2050 Soxtec Avanti Auto Control Unit, Foss Teca-
tor, Eden Prairie, MN), and fatty acids via direct trans-
esterification (Whitney et al., 1999) with methanolic
HCl (Kucuk et al., 2001). Dietary CP was greater in yr
2 due to differences in hay (bromegrass hay had 8.5%
CP in yr 1; foxtail millet hay had 10.6% CP in yr 2).
Dietary TDN was similar between years, and lipid-sup-
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plemented diets were formulated to be isolipidic and
provided 5% of DMI as fat.

Sampling and Laboratory Analyses

Beginning at 0500 on d 30 and 60, cows were sepa-
rated from their calves, administered 20 USP of oxyto-
cin (Vedco Inc., St. Joseph, MO), and milked using a
mechanical milking device, with the remaining milk
hand-stripped. A 20-mL sample of milk was stored at
−20°C for fatty acid analysis. Preprandial calf plasma
samples were harvested from whole blood collected into
10-mL heparinized Vacutainer (Becton, Dickinson and
Co., Franklin Lakes, NJ) tubes on d 30 and 60, and
stored at −20°C for analysis of fatty acids.

Additionally, on d 61, each calf was injected s.c. with
approximately 200 mg of lidocain hydrochloride (Vedco
Inc.) as a local anesthetic to desensitize a 5-cm2 area
between the ischium and coccygeal vertebrae in the
caudal portion of the tailhead region. Adipose tissue
biopsies (approximately 5 g) were removed (Rule and
Beitz, 1986) and stored at −20°C for fatty acid analysis.
Upon completion of the 61-d feeding trial, cows and
calves were commingled and managed with the remain-
der of the University of Wyoming beef herd, and calves
were slaughtered at 14 mo of age. Additional s.c. adi-
pose tissue samples (approximately 5 g) were removed
from the 12th rib of carcasses at 24 h after slaughter
and stored at −20°C for fatty acid analysis.

Plasma samples were lyophilized (Genesis SQ 25 Su-
per ES Freeze Dryer, The Virtis Co., Gardiner, NY),
ground with a mortar and pestle, and 200 mg was sub-
jected to direct saponification in 4.0 mL of ethanol plus
1 mL of 33% (wt/vol) KOH. Direct saponification was
conducted in 16 × 125-mm tubes with Teflon-lined
screw-caps at 85°C for 1 h with vortex-mixing every 1
min. Tubes were cooled, and 1.0 mL of 12 M HCl and
3.0 mL of hexane were added to each tube and vortex-
mixed. The hexane layer was transferred to a clean
tube and dried under a stream of N2 gas. Fatty acid
methyl esters were prepared by incubating the dried
hexane layer with 4.0 mL of 0.545 M HCl in methanol
that contained 1 mg of tridecanoic acid (Sigma, St.
Louis, MO) as the internal standard for 1 h at 85°C.

Analysis of CLA is hampered by use of acid catalysts
because of partial geometric isomerization of cis-9,
trans-11 CLA to trans-9, trans-11 CLA (Yamasake et
al., 1999) and degradation of CLA to allylic methoxy
artifacts (Kramer et al., 1997). However, Murrieta et
al. (2003) demonstrated that dietary treatment effects
on CLA in ovine muscle were maintained when acid
catalysts were used for fatty acid methyl ester prepara-
tion, despite up to 20% loss of cis-9, trans-11 CLA. Also,
the likelihood of NEFA in plasma samples required the
use of the acid catalyst because alkaline catalysts do
not react with NEFA to form fatty acid methyl esters
(Christie, 1982). For consistency, fatty acid methyl es-
ters of all tissues were prepared with methanolic HCl.
Fatty acid methyl esters were extracted in 2.0 mL of

hexane and transferred to GLC autosampler vials con-
taining a 1-mm bed of anhydrous sodium sulfate.

Separation of fatty acid methyl esters was achieved
by GLC (Model 6890 series II, Hewlett-Packard, Avon-
dale, PA) with a 100-m capillary column (SP-2560, Su-
pelco, Bellefonte, PA) with He as carrier gas at 0.5 mL/
min. Oven temperature was maintained at 175°C for
40 min and increased to 240°C at 10°C/min. Injector and
detector (flame ionization) temperatures were 250°C.
Identification of peaks was accomplished using purified
standards (Nu-Check Prep, Elysian, MN; Matreya,
Pleasant Gap, PA). Identification of the 18:1 trans-10
isomer was putative and based on the position of a peak
between peaks identified as 18:1 trans-9 and 18:1 trans-
11 (Molkentin and Precht, 1995). Milk samples were
lyophilized and ground with a mortar and pestle. Milk
and adipose tissue were analyzed for fatty acid content
by direct transesterification as described by Murrieta
et al. (2003).

Statistical Analyses

Calf plasma fatty acid data were analyzed as re-
peated measures for a split-plot with a 2 × 3 arrange-
ment of treatments in a randomized complete block
design using the MIXED procedures of SAS (SAS Inst.
Inc., Cary, NC). Year was the block, and the model
included the additional effects of maternal BCS at par-
turition, dietary treatment, and all possible interac-
tions. Calf suckling cow within BCS × dietary treatment
was the random variable used as the SUBJECT, and
day of sampling was included in the REPEATED state-
ment. Using likelihood ratio testing, an AR-1 structure
was deemed most appropriate for the within-subjects
effects. No interactions (P = 0.07 to 0.99) between main
effects were noted; therefore, only the main effects of
maternal BCS at parturition, dietary treatment, and
day of sampling (for plasma data) were presented. Calf
adipose tissue fatty acid data were analyzed as a ran-
domized complete block design with a 2 × 3 factorial
arrangement of treatments. Two calves died during the
course of the study. Necropsies performed at the Wyo-
ming State Veterinary Laboratory revealed that deaths
of calves were not attributed to the study; consequently,
least squares means were reported. The correlation and
regression procedures of SAS were used to compute r
and r2 values, respectively, to evaluate relationships
between calf adipose tissue and milk fatty acid compo-
sition.

RESULTS AND DISCUSSION

Effects of Maternal Body Condition Score at
Parturition on Suckling Calf Plasma and Adipose
Tissue Fatty Acid Profiles

As indicated in Table 2, concentrations of total fatty
acids in plasma did not differ (P = 0.48) due to maternal
BCS at parturition, which would be expected because
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Table 2. Main effects of maternal BCS at parturition, maternal dietary treatment, and day
of lactation on plasma fatty acids of suckling calves

BCS1 Diet2 Day P

Fatty acid 4 6 C L O 30 60 SEM3 BCS Diet Day

Total4 28.8 31.5 28.3 31.2 30.9 28.9 31.3 1.87 0.48 0.21 0.24

g of fatty acid/100 g of total fatty acids

14:0 1.80 1.70 2.47a 1.28b 1.50b 1.62 1.88 0.19 0.60 <0.001 0.17
14:1 0.14 0.13 0.16 0.10 0.15 0.13 0.14 0.03 0.20 0.87 0.73
15:0 0.42 0.38 0.48 0.34 0.39 0.36 0.45 0.06 0.51 0.20 0.15
15:1 0.16 0.14 0.18 0.11 0.15 0.15 0.14 0.04 0.55 0.36 0.89
16:0 16.06 15.76 19.83a 13.49b 14.42b 16.11 15.71 0.74 0.71 <0.001 0.49
16:1 1.60 1.65 2.54a 1.16b 1.17b 1.50 1.75 0.18 0.83 <0.001 0.22
18:0 15.58 15.21 13.53b 16.80a 15.85a 15.13 15.65 0.54 0.53 <0.001 0.03
18:1 trans-11 1.76 1.77 0.87 2.18 2.25 1.58 1.96 0.61 0.99 0.20 0.58
18:1 cis-9 25.40 24.19 22.10b 22.76b 29.52a 24.79 24.80 1.11 0.32 <0.001 0.99
18:2n-6 16.13 17.29 15.21b 21.50a 13.41b 17.20 16.22 1.12 0.36 <0.001 0.31
18:3n-3 2.58 2.45 3.43a 1.86b 2.24b 2.31 2.71 0.29 0.68 0.0004 0.21
CLA5 0.14 0.07 0.06 0.11 0.15 0.12 0.09 0.04 0.12 0.32 0.52
20:4n-6 2.22 2.29 3.07a 1.93b 1.77b 2.19 2.33 0.16 0.69 <0.001 0.36
20:5n-3 0.93 1.10 1.48a 0.68c 0.89b 1.03 1.00 0.08 0.06 <0.001 0.60
22:6n-3 1.36 1.22 1.19 1.09 1.59 1.37 1.21 0.26 0.62 0.33 0.54
Other6 13.16 14.00 12.49 14.14 14.11 13.48 13.68 0.59 0.21 0.08 0.75

a–cMeans within a row and main effect lacking a common superscript letter differ (P ≤ 0.05).
1Cows were nutritionally managed to achieve a BCS of 4 ± 0.07 or 6 ± 0.07 at parturition (Lake et al.,

2005).
2Diets (Table 1) were formulated to be isocaloric and isonitrogenous and to meet the energy requirements

of a 544-kg beef cow producing 9 kg of milk during peak lactation. Lipid-supplemented diets were formulated
to achieve 5% of DMI as fat. Diets were a low-fat control supplement (C), or supplements with cracked
high-linoleate safflower seeds (L) or cracked high-oleate safflower seeds (O).

3Greatest SEM was presented (n = 24 for C; n = 22 for L; n = 24 for O; n = 35 for BCS 4; n = 35 for BCS
6; n = 35 for d 30; n = 35 for d 60).

4Total milligrams of fatty acid per gram of freeze-dried plasma.
5cis-9, trans-11 CLA.
6Other includes fatty acids identified but not presented individually as well as unidentified fatty acids.

no difference was detected in total milk fat output due to
maternal BCS at parturition (Lake et al., 2005). Weight
percentage of 20:5n-3 in plasma tended (P = 0.06) to
be greater from calves born to cows in a BCS of 6 at
parturition. No other differences (P = 0.12 to 0.99) were
noted in calf plasma fatty acid profile due to maternal
BCS at parturition. Likewise, no differences were de-
tected in total fatty acid concentration (P = 0.12) or
fatty acid profile (P = 0.20 to 0.98; Table 3) in calf
adipose tissue due to maternal BCS at parturition. Al-
though we are not aware of reports on the effects of
maternal BCS at parturition on calf plasma or adipose
tissue fatty acid profile, the lack of differences was not
surprising because starting 3 d postpartum cows with
a BCS of 4 and 6 were fed to maintain BW (NRC, 2000).
Lack of change in calf adipose tissue fatty acid profiles
was consistent with lack of changes in milk fatty acid
profile due to BCS at parturition (Lake et al., 2004).

Effects of Maternal Dietary Treatment on
Suckling Calf Plasma and Adipose Tissue Fatty
Acid Profiles

No differences (P = 0.21) were detected in total fatty
acid concentrations in plasma due to maternal postpar-
tum dietary treatment (Table 2). Although there were
differences in milk fatty acid profile due to dietary treat-

ment, lack of differences in total fatty acid concentra-
tion in plasma from calves was consistent with lack of
differences in total milk fat output due to lipid supple-
mentation (Lake et al., 2005). Calves suckling cows fed
control had greater (P < 0.001) weight percentages of
14:0, 16:0, 16:1, 18:3n-3, 20:4n-6, and 20:5n-3 in plasma
compared with calves suckling cows fed linoleate or
oleate. Calves suckling cows fed linoleate and oleate
had a greater (P < 0.001) weight percentage of 18:0 in
plasma than calves suckling cows fed control. Calves
suckling cows fed linoleate had greater (P < 0.001)
18:2n-6 in plasma than calves suckling cows fed control
or oleate. Weight percentage of 18:1 cis-9 was greater
(P < 0.001) in calves suckling cows fed oleate compared
with calves suckling cows fed control or linoleate. Be-
cause calves were managed so that their sole source of
nutrients was derived from the dam’s milk, they were
functionally considered a preruminant and their
plasma fatty acid profiles were expected to change in
accordance with changes in milk composition. Likewise,
Yeom et al. (2004) reported changes in fatty acid profiles
of red blood cells in goat kids were reflective of the
fatty acid composition in the milk replacer. Jenkins and
Kramer (1990) reported greater 18:2n-6 in plasma from
calves fed milk replacer high in linoleic acid.

No differences (P = 0.88) were noted in total fatty
acid concentration of calf adipose tissue due to maternal
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Table 3. Main effects of maternal BCS at parturition and dietary treatment on adipose
tissue fatty acids of suckling calves

BCS1 Diet2 P

Fatty acid 4 6 C L O SEM3 BCS Diet

Total4 628 724 627 663 656 38 0.12 0.88

g of fatty acid/100 g of total fatty acids

14:0 5.82 6.13 7.86a 4.73b 5.34b 0.22 0.22 <0.001
14:1 0.39 0.36 0.46a 0.29b 0.38a 0.03 0.45 0.001
15:0 0.65 0.65 0.83a 0.53b 0.60b 0.04 0.96 <0.001
15:1 0.59 0.22 0.33 0.17 0.70 0.31 0.31 0.47
16:0 27.38 27.45 35.54a 23.42b 23.29b 0.54 0.90 <0.001
16:1 2.92 3.12 3.96a 2.46b 2.64b 0.20 0.38 <0.001
17:0 0.61 0.55 0.69a 0.54b 0.49b 0.04 0.20 0.003
17:1 0.40 0.22 0.28 0.19 0.45 0.16 0.32 0.51
18:0 13.95 14.36 10.73c 17.06a 14.67b 0.45 0.45 <0.001
18:1 trans-9 0.40 0.37 0.19c 0.32b 0.63a 0.02 0.25 <0.001
18:1 trans-10 0.42 0.38 0.26c 0.36b 0.58a 0.03 0.23 <0.001
18:1 trans-11 2.28 2.18 0.94c 4.02a 1.73b 0.16 0.62 <0.001
18:1 cis-9 40.27 40.12 34.44c 40.87b 45.28a 0.64 0.83 <0.001
18:2n-6 0.71 0.71 0.59b 1.06a 0.47a 0.06 0.98 <0.001
18:3n-3 0.25 0.26 0.29a 0.24b 0.22b 0.01 0.57 0.001
CLA5 0.65 0.62 0.35b 1.08a 0.47b 0.06 0.64 <0.001
Other6 1.63 1.60 1.45b 2.01a 1.40b 0.17 0.87 0.03

a–cMeans within a row and main effect lacking a common superscript letter differ (P ≤ 0.05).
1Cows were managed nutritionally to achieve a BCS of 4 ± 0.07 or 6 ± 0.07 at parturition (Lake et al.,

2005).
2Diets (Table 1) were formulated to be isocaloric and isonitrogenous and to meet the energy requirements

of a 544-kg beef cow producing 9 kg of milk during peak lactation. Lipid-supplemented diets were formulated
to achieve 5% of DMI as fat. Diets were a low-fat control supplement (C), or supplements with cracked
high-linoleate safflower seeds (L) or cracked high-oleate safflower seeds (O).

3Greatest SEM was presented (n = 24 for C; n = 22 for L; n = 24 for O; n = 35 for BCS 4; n = 35 for BCS
6).

4Total milligrams of fatty acid per gram of adipose tissue.
5cis-9, trans-11 CLA.
6Other includes fatty acids identified but not presented individually as well as unidentified fatty acids.

dietary treatment (Table 3). Although 10:0 and 12:0
were detectable in the milk (Lake et al., 2004), adipose
tissue from calves did not contain detectable amounts
of these medium-chain fatty acids. Weight percentage
of 14:1 (P = 0.001) was greater in adipose tissue of
calves suckling cows fed control and oleate than calves
suckling cows fed linoleate. Weight percentages of 14:0,
15:0, 16:0, 16:1, 17:0, and 18:3n-3 were greater (P <
0.001) in adipose tissue from calves suckling cows fed
control compared with calves suckling cows fed linole-
ate or oleate. Weight percentage of 18:0, 18:1 trans-
11, 18:2n-6, and cis-9, trans-11 CLA were greater (P <
0.001) in adipose tissue from calves suckling cows fed
linoleate compared with calves suckling cows fed con-
trol or oleate. Calves suckling cows fed oleate had
greater (P < 0.001) percentages of 18:1 trans-9, 18:1
trans-10, and 18:1 cis-9 in adipose tissue than calves
suckling cows fed control or linoleate.

Because these calves received their sole source of
nutrients from their mother’s milk, fatty acid profiles
of adipose tissue were generally reflective of changes
occurring in milk fatty acid profiles (Table 4). Cows fed
control had greater percentages of fatty acids synthe-
sized de novo (10:0 to 16:0) in milk compared with cows
fed linoleate and oleate (Lake et al., 2004). Martı́n et

al. (1999) reported greater percentages of 14:0 and 16:0
in adipose tissue from kids suckling does with greater
percentages of 14:0 and 16:0 in their milk. Adipose
tissues from calves generally do not have detectable
amounts of medium-chain fatty acids (Christie, 1981;
Potchoiba et al., 1990; Yeom et al., 2002). Christie
(1981) suggested that medium-chain fatty acids un-
dergo mitochondrial elongation to long-chain fatty acids
by the addition of acetyl-CoA rather than deposition as
medium-chain fatty acids. Additionally, Leyton et al.
(1987) reported preferential oxidation of medium-chain
fatty acids by liver tissue in laboratory rats. Therefore,
lack of medium-chain fatty acids deposited in adipose
tissue of the suckling preruminant calf was most likely
attributed to elongation, oxidation, or the combination
of the 2 processes.

Loor et al. (2005b) reported increased secretion of
trans fatty acids into milk of dairy cows supplemented
lipid at 5% of the diet. The trans fatty acids detected
in the cow’s milk and subsequently deposited in calf
adipose tissue are intermediates generated as a result
of incomplete biohydrogenation of dietary 18-carbon un-
saturated fatty acids (Scholljegerdes et al., 2004).

Increasing cis-9, trans-11 CLA concentrations in
meat and dairy products is of interest due to potential
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Table 4. Pearson correlation coefficients among suckling calf adipose tissue and milk fatty acid profiles at d 60
of lactation

Calf adipose tissue fatty acids, g of fatty acid/100 g of total fatty acid1

14:0 16:0 18:0 18:1 trans-9 18:1 trans-11 18:1 cis-9 18:2n-6 18:3n-3 CLA2

Milk fatty acid g of fatty acid/100 g of total fatty acid2

14:0 0.87*** 0.80*** −0.73*** −0.41** −0.53*** −0.66*** −0.36** 0.36** −0.38**
16:0 0.72*** 0.91*** −0.75*** −0.63*** −0.58*** −0.63*** −0.26* 0.21 −0.45***
18:0 −0.71*** −0.88*** 0.74*** 0.59*** 0.57*** 0.58*** 0.23 −0.20 0.42***
18:1 trans−9 −0.35*** −0.62*** 0.39*** 0.92*** 0.16 0.48*** −0.31* 0.03 0.13
18:1 trans−11 −0.43*** −0.63*** 0.46*** 0.30** 0.91*** 0.03 0.55*** 0.28** 0.91***
18:1 cis−9 −0.74*** −0.81*** 0.62*** 0.63*** 0.32* 0.77*** 0.11 −0.35** 0.20
18:2n−6 −0.47*** −0.26* 0.51*** −0.42*** 0.50*** 0.13 0.68*** −0.32* 0.33**
18:3n−3 −0.27* 0.02 0.32*** −0.42*** −0.19 0.27* 0.06 −0.47*** −0.38***
CLA2 −0.21 −0.46*** 0.24 0.27* 0.87*** −0.19 0.54*** 0.43*** 0.94***

1Calf adipose tissue and milk fatty acids were expressed as grams of fatty acid/100 g of total fatty acids because total milk fat yield (298
± 19 g/d) was similar among treatments (Lake et al., 2005).

2cis-9, trans-11 CLA.
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.

health benefits associated with consumption of these
fatty acids (NRC, 1996; Bauman et al., 2000; McGuire
and McGuire, 2000). Increased concentrations of 18:1
trans-11 in adipose tissue of calves suckling cows fed
linoleate are of interest because 18:1 trans-11 can be
desaturated to cis-9, trans-11 CLA at the tissue level.
Griinari et al. (2000) estimated that up to 64% of milk
cis-9, trans-11 CLA is derived through endogenous syn-
thesis from 18:1 trans-11 in the mammary gland. Sant-
ora et al. (2000) reported that 11.4% of the cis-9, trans-
11 CLA in mouse adipose tissue was derived through
the desaturation of 18:1 trans-11. Therefore, greater
cis-9, trans-11 CLA in adipose tissue from calves suck-
ling cows fed linoleate may be attributable to the in-
creased percentage of cis-9, trans-11 CLA in the milk
from cows fed linoleate (Lake et al., 2004), as well as
endogenous synthesis occurring in the adipose tissue
from increased supply of 18:1 trans-11.

Linoleic acid cannot be synthesized by the ruminant
animal and therefore must be obtained from dietary
sources (Wiseman, 1984). Increased weight percentage
of 18:2n-6 in calves suckling cows fed linoleate was
expected due to increased 18:2n-6 in the milk of cows
fed the linoleate diet (Lake et al., 2004). Linoleic acid
made up 21% of the total plasma fatty acids from calves
suckling cows fed linoleate, but 18:2n-6 accounted for
only 1.1% of the adipose tissue fatty acids in these
calves. Christie (1981) suggested that although 18:2n-
6 may make up a large percentage of plasma fatty acids,
only about 1% was available for deposition in tissues,
with the remainder stored in plasma phospholipids and
cholesteryl esters as a mechanism for conserving the
fatty acid for essential functions in other tissues. Be-
cause 18:2n-6 is conserved for phospholipids, increased
proportions of PUFA in membranes may cause changes
in membrane fluidity and signal transduction and may
potentially alter cellular function (Calder et al., 2002).
Inclusion of 18:2n-6 in diets of mice impaired production
of antibodies, including immunoglobulin G after anti-

genic challenge (Pompéia et al., 2000). Likewise, calves
suckling cows fed cracked safflower seeds in our study
tended to have less antibody production in response to
antigen stimulus than calves suckling cows fed control
(Lake et al., 2006).

Because of the increased health consciousness of con-
sumers, augmenting meat products with potentially
healthy fatty acids could prove beneficial to the beef
industry. However, to our knowledge, no literature is
available on the effects of maternal lipid supplementa-
tion on suckling calf adipose tissue fatty acid profile and
subsequently on calf adipose tissue fatty acid profile
at slaughter. Therefore, adipose tissue samples were
dissected from a subset of carcasses at time of slaughter
to determine carryover effects associated with changes
in calf fatty acid profile during the first 60 d of suckling.
Unfortunately, because of retention of some calves in
the breeding herd and allotment of some calves to other
research trials, only 9 calves (3/treatment) were avail-
able for sampling at time of slaughter. Calves that had
suckled cows fed linoleate (0.26%) had greater (P =
0.03) weight percentage of 18:3n-3 in adipose tissue at
slaughter compared with adipose tissue from calves
that had suckled cows fed control (0.19%). Although no
other differences (P = 0.11 to 0.91) were detected in
fatty acid profile of adipose tissue at slaughter due to
alteration of lipid consumption via maternal lipid sup-
plementation during the first 60 d postpartum, 18:2n-
6 tended (P = 0.14) to be greater in adipose tissue from
carcasses of calves that had suckled cows fed linoleate
compared with calves that had suckled cows fed control
and oleate (2.35, 1.81, and 1.81%, respectively); how-
ever, the limited number of observations likely pre-
cluded detection of treatments effects. The effect of al-
tering fatty acid composition in suckling calves through
maternal dietary inputs on carcass fatty acid composi-
tion warrants further investigation.
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Figure 1. Relationship between weight percentage of 18:1 trans-11 in milk and weight percentage of cis-9, trans-11
CLA in calf adipose tissue. Dietary treatment is designated as: � BCS 4, control; � BCS 6, control; � BCS 4, oleate;
� BCS 6, oleate; � BCS 4, linoleate; and ▲ BCS 6, linoleate.

Effects of Day of Lactation on Suckling Calf
Plasma Fatty Acid Profiles

Total fatty acid concentration in plasma was not af-
fected (P = 0.24) by day of lactation. Likewise, no differ-
ences (P = 0.15 to 0.99) were noted for proportions of
most individual fatty acids (Table 2). However, calves
had greater concentrations of 18:0 (P = 0.03) at d 60 of
lactation compared with d 30. The lack of differences
in plasma fatty acid profile is directly reflective of the
diet, in that few changes were noted from d 30 to 60 of
lactation in milk fatty acid profile (data not shown).

Correlation Between Milk and Adipose Tissue
Fatty Acid Composition

The relationship between milk and adipose tissue
fatty acid profiles in Holstein calves (Jenkins et al.,
1986) and kid goats (Martı́n et al., 1999; Yeom et al.,
2004) has been documented. Quantities of total fatty
acids consumed from milk influenced calf adipose tissue
fatty acids in our study. Total milk fat yield (298 ± 19
g/d) did not differ (P = 0.23; Lake et al., 2005) in the
current experiment due to dietary lipid supplementa-
tion. Additionally, total concentrations of fatty acids
from calf adipose tissue were not affected by manipula-
tion of the maternal diet. Therefore, correlations be-
tween percentages of fatty acids in milk and adipose

tissue rather than correlations between gram quanti-
ties of fatty acids were appropriate.

Weight percentage of all individual milk fatty acids
identified were correlated (P < 0.05; Table 4) with the
weight percentage of the corresponding fatty acids in
calf adipose tissue at d 60 of lactation except 15:1 (P =
0.94; r = −0.01) and 17:1 (P = 0.10; r = 0.21). The negative
correlation (P < 0.001; r = −0.47) between milk and
adipose tissue profile of 18:3n-3 likely reflected oxida-
tion or incorporation of the fatty acid into other tissues.
Bas and Morand-Fehr (2000) reported that perirenal
adipose tissue and intramuscular fat had 50 and 75%,
respectively, more 18:3n-3 than s.c. adipose tissue of
milk-fed lambs. Because 18:1 trans-11 can be converted
to cis-9, trans-11 CLA, weight percentage of 18:1 trans-
11 in milk was related (P < 0.001; r2 = 0.82) to percent-
age of cis-9, trans-11 CLA in calf adipose tissue (Figure
1). A similar relationship (P < 0.001; r2 = 0.90) was
noted between milk 18:1 trans-11 plus cis-9, trans-11
CLA and percentage of cis-9, trans-11 CLA in calf adi-
pose tissue (Figure 2). These relationships support that
18:1 trans-11 can be converted to cis-9, trans-11 CLA via
∆9-desaturase in animal tissues (Griinari and Bauman,
1999). The relationship between 18:1 trans-11 in milk
and cis-9, trans-11 CLA in calf adipose tissue is consis-
tent with ratios of cis-9, trans-11 CLA to 18:1 trans-11
in muscle and s.c. adipose tissues of lambs (Bolte et al.,
2002). The relationship between 18:1 trans-11 plus cis-
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Figure 2. Relationship between weight percentage of 18:1 trans-11 plus cis-9, trans-11 CLA in milk and weight
percentage of cis-9, trans-11 CLA in calf adipose tissue. Dietary treatment is designated as: � BCS 4, control; � BCS
6, control; � BCS 4, oleate; � BCS 6, oleate; � BCS 4, linoleate; and ▲ BCS 6, linoleate.

9, trans-11 CLA in milk and cis-9, trans-11 CLA in calf
adipose tissue is also comparable with ratios of cis-9,
trans-11 CLA to 18:1 trans-11 plus cis-9, trans-11 CLA
in s.c. adipose tissues of lambs (Palmquist et al., 2004).

The primary SFA in milk fat are 14:0 and 16:0,
whereas the primary unsaturated fatty acid is 18:1cis-
9 (McDonald et al., 2002). In our study, 14:0 plus 16:0
was 69, 55, and 56% of the total SFA in milk from cows
fed control, linoleate, and oleate, respectively. Addition-
ally, 18:1cis-9 was 80, 75, and 86% of the unsaturated
fatty acids in milk from cows fed control, linoleate, and
oleate, respectively. These relationships were sup-
ported by the correlation between percentages of 14:0
(P < 0.001; r = 0.76) and 16:0 (P < 0.001; r = 0.92)
in milk and percentage of SFA in calf adipose tissue.
Moreover, percentage of 18:1cis-9 in milk was corre-
lated (P < 0.001; r = 0.89) with the percentage of unsatu-
rated fatty acids in calf adipose tissue.

In conclusion, because cows were fed to maintain BW
regardless of BCS, maternal BCS at parturition did not
influence fatty acid composition of plasma or adipose
tissue in suckling calves. However, suckling calf plasma
and adipose tissue fatty acid profiles generally reflected
changes in milk fat composition due to maternal supple-
mentation of dietary lipid postpartum. Biological
changes that occur because of alterations in fatty acid
profiles in tissues of suckling beef calves warrant fur-
ther investigation.

LITERATURE CITED

Bas, P., and P. Morand-Fehr. 2000. Effect of nutritional factors on
fatty acid composition of lamb fat deposits. Livest. Prod. Sci.
64:61–79.

Bauman, D. E., L. H. Baumgard, B. A. Corl, and J. M. Griinari. 2000.
Biosynthesis of conjugated linoleic acid in ruminants. Proc. Am.
Soc. Anim. Sci., 1999. Available: http://www.asas.org/jas/sympo-
sia/proceedings/0937.pdf Accessed Oct. 5, 2005.

Bolte, M. R., B. W. Hess, W. J. Means, G. E. Moss, and D. C. Rule.
2002. Feeding lambs high-oleate or high-linoleate safflower
seeds differentially influences carcass fatty acid composition. J.
Anim. Sci. 80:609–616.

Bottger, J. D., B. W. Hess, B. M. Alexander, D. L. Hixon, L. F. Wood-
ard, R. N. Funston, D. M. Hallford, and G. E. Moss. 2002. Effects
of supplementation with high linoleic or oleic cracked safflower
seeds on postpartum reproduction and calf performance of pri-
miparous beef heifers. J. Anim. Sci. 80:2023–2030.

Calder, P. C., P. Yaqoob, F. Thies, F. A. Wallace, and E. A. Miles. 2002.
Fatty acids and lymphocyte functions. Br. J. Nutr. 87:S31–S48.

Chichlowski, M. W., J. W. Schroeder, C. S. Park, W. L. Keller, and
D. E. Schimek. 2005. Altering the fatty acids in milk fat by
including canola seed in dairy cattle diets. J. Dairy Sci.
88:3084–3094.

Chilliard, Y., A. Ferlay, J. Rouel, and G. Lambert. 2003. A review of
nutritional and physiological factors affecting goat milk lipid
synthesis and lipolysis. J. Dairy Sci. 86:1751–1770.

Christie, W. W. 1981. Lipid Metabolism in Ruminant Animals. Perga-
mon Press Ltd., New York, NY.

Christie, W. W. 1982. The preparation of derivatives of lipids. Page
51 in Lipid Analysis. 2nd ed. Pergamon Press, New York, NY.

De Pablo, M. A., and G. A. De Cienfuegos. 2000. Modulatory effects
of dietary lipids on immune system functions. Immunol. Cell
Biol. 78:31–39.



Fatty acid composition of beef calves 1819

Funston, R. N. 2004. Fat supplementation and reproduction in beef
females. J. Anim. Sci. 82(Suppl. E.):E154–E161.

Griinari, J. M., and D. E. Bauman. 1999. Biosynthesis of conjugated
linoleic acid and its incorporation into meat and milk in rumi-
nants. Pages 180–200 in Advances in Conjugated Linoleic Acid
Research. Vol. 1. M. P. Yurawecz, M. M. Mossoba, J. K. G.
Kramer, M. Pariza, and G. J. Nelson, ed. AOCS Press, Cham-
paign, IL.

Griinari, J. M., B. A. Corl, S. H. Lacy, P. Y. Chouinard, K. V. V.
Nurmela, and D. E. Bauman. 2000. Conjugated linoleic acid is
synthesized endogenously in lactating dairy cows by ∆-9 desa-
turase. J. Nutr. 130:2285–2291.

Hess, B. W., S. L. Lake, E. J. Scholljegerdes, T. R. Weston, V. Nayigi-
hugu, J. D. C. Molle, and G. E. Moss. 2005. Nutritional controls
of beef cow reproduction. J. Anim. Sci. 83(Suppl. E.):E90–E106.

Jenkins, K. J., and J. K. G. Kramer. 1990. Effects of dietary corn oil
and fish oil concentrate on lipid composition of calf tissue. J.
Dairy Sci. 73:2940–2951.

Jenkins, K. J., J. K. Kramer, and D. B. Emmons. 1986. Effect of lipids
in milk replacers on calf performance and lipids in blood plasma,
liver, and perirenal fat. J. Dairy Sci. 69:447–459.

Kramer, J. K. G., V. Fellner, M. E. R. Dugan, F. D. Sauer, M. M.
Mossoba, and M. P. Yurawecz. 1997. Evaluating acid and base
catalysts in the methylation of milk and rumen fatty acids with
special emphasis on conjugated dienes and total trans fatty
acids. Lipids 32:1219–1228.

Kucuk, O., B. W. Hess, P. A. Ludden, and D. C. Rule. 2001. Effect
of forage:concentrate ratio on ruminal digestion and duodenal
flow of fatty acids in ewes. J. Anim. Sci. 79:2233–2240.

Lake, S. L., B. W. Hess, E. J. Scholljegerdes, R. L. Atkinson, and D.
C. Rule. 2004. Milk and calf adipose tissue fatty acid changes
in response to maternal supplementation with high-linoleate or
high-oleate safflower seeds. J. Anim. Sci. 82(Suppl. 2):102.
(Abstr.)

Lake, S. L., E. J. Scholljegerdes, R. L. Atkinson, V. Nayigihugu, S.
I. Paisley, D. C. Rule, G. E. Moss, T. J. Robinson, and B. W.
Hess. 2005. Body condition score at parturition and postpartum
supplemental fat effects on cow and calf performance. J. Anim.
Sci. 83:2908–2917.

Lake, S. L., E. J. Scholljegerdes, W. T. Small, E. L. Belden, S. I.
Paisley, D. C. Rule, and B. W. Hess. 2006. Immune response
and serum IgG concentrations in beef calves suckling cows of
differing body condition score at parturition supplemented high-
linoleate or high-oleate safflower seeds. J. Anim. Sci. 84:997–
1003.

Leyton, J., P. J. Drury, and M. A. Crawford. 1987. Different oxidation
of saturated and unsaturated fatty acids in vivo in the rat. Br.
J. Nutr. 57:385–393.

Linn, J. G., and N. P. Martin. 1989. Forage quality tests and interpre-
tation. Univ. Minnesota Ext. Ser. Publ. AG-FO-2637, St. Paul,
MN.

Loor, J. J., A. Ferlay, A. Ollier, M. Doreau, and Y. Chilliard. 2005a.
Relationship among trans and conjugated fatty acids and bovine
milk fat yield due to dietary concentrate and linseed oil. J. Dairy
Sci. 88:726–740.

Loor, J. J., A. Ferlay, A. Ollier, K. Ueda, M. Doreau, and Y. Chilliard.
2005b. High-concentrate diets and polyunsaturated oils alter
trans and conjugated isomers in bovine rumen, blood, and milk.
J. Dairy Sci. 88:3986–3999.

Martı́n, L., P. Rodrı́guez, A. Rota, M. R. Pascual, D. Patón, and J.
Tovar. 1999. Effect of protected fat supplementation to lactating
goats on growth and fatty acid composition of perirenal fat in
goat kids. Anim. Sci. 68:195–200.

McDonald, P., R. A. Edwards, J. F. D. Greenhalgh, and C. A. Morgan.
2002. Animal Nutrition. Prentice Hall, London, UK.

McGuire, M. A., and M. K. McGuire. 2000. Conjugated linoleic acid
(CLA): A ruminant fatty acid with beneficial effects on human
health. Proc. Am. Soc. Anim. Sci., 1999. Available: http://www.a-
sas.org/jas/symposia/proceedings/0938.pdf Accessed Oct. 5,
2005.

Molkentin, J., and D. Precht. 1995. Optimized analysis of trans-
octadecanoic acids in edible fats. Chromatographia 41:267–271.

Murrieta, C. M., B. W. Hess, and D. C. Rule. 2003. Comparison of
acidic and alkaline catalysts for preparation of fatty acid methyl
esters from ovine muscle with emphasis on conjugated linoleic
acid. Meat Sci. 65:523–529.

NRC. 1982. United States-Canadian Tables of Feed Composition.
Natl. Acad. Press, Washington, DC.

NRC. 1996. Carcinogens and Anticarcinogens in the Human Diet.
Natl. Acad. Press, Washington, DC.

NRC. 2000. Nutrient Requirements of Beef Cattle. 7th rev. ed. Natl.
Acad. Press, Washington, DC.

Palmquist, D. L., N. St-Pierre, and K. E. McClure. 2004. Tissue fatty
acid profiles can be used to quantify endogenous rumenic acid
synthesis in lambs. J. Nutr. 134:2407–2414.
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and R. Curi. 2000. Effect of fatty acids on leukocyte function.
Braz. J. Med. Biol. Res. 33:1255–1268.

Potchoiba, M. J., C. D. Lu, F. Pinkerton, and T. Sahlu. 1990. Effects
of all-milk diet on weight gain, organ development, carcass char-
acteristics and tissue composition, including fatty acids and cho-
lesterol contents, of growing male goats. Small Rumin. Res.
3:583–592.

Rule, D. C., and D. C. Beitz. 1986. Fatty acids of adipose tissue,
plasma, muscle and duodenal ingesta of steers fed extruded
soybeans. J. Am. Oil Chem. Soc. 63:1429–1435.

Santora, J. E., D. L. Palmquist, and K. L. Roehrig. 2000. Trans-
vaccenic acid is desaturated to conjugated linoleic acid in mice.
J. Nutr. 130:208–215.

Scholljegerdes, E. J., B. W. Hess, G. E. Moss, D. L. Hixon, and D. C.
Rule. 2004. Influence of supplemental cracked high-linoleate or
high-oleate safflower seeds on site and extent of digestion in
beef cattle. J. Anim. Sci. 82:3577–3588.

Vieira, C., M. D. Garcia, A. Cerdeno, and A. R. Mantecón. 2005. Effect
of diet composition and slaughter weight on animal performance,
carcass and meat quality, and fatty acid composition in veal
calves. Livest. Prod. Sci. 93:263–275.

Wagner, J. J., K. S. Lusby, J. W. Oltjen, J. Rakestraw, R. P. Wettem-
ann, and L. E. Walters. 1988. Carcass composition in mature
Hereford cows: Estimation and effect on daily metabolizable
energy during winter. J. Anim. Sci. 66:603–612.

Whitney, M. B., B. W. Hess, J. E. Kaltenbach, H. J. Harlow, and D.
C. Rule. 1999. Direct transesterification of lipids from feedstuffs
and ruminal bacteria. Can. J. Anim. Sci. 79:247–249.

Wiseman, J. 1984. Fats in Animal Nutrition. Butterworths, Lon-
don, UK.

Yamasake, M., K. Kishihara, I. Ikeda, M. Sugano, and K. Yamada.
1999. A recommended esterification method for gas chromato-
graphic measurement of conjugated linoleic acid. J. Am. Oil
Chem. Soc. 76:933–938.

Yeom, K. H., J. T. Schonewille, G. Van Trierum, H. J. Kappert, R.
Hovenier, K. W. Lee, and A. C. Beynen. 2004. Growth perfor-
mance and fatty acid status of goat kids fed milk replacers with
different contents of linoleic and α-linolenic acid. Livest. Prod.
Sci. 90:69–77.

Yeom, K. H., G. Van Trierum, R. Hovenier, A. B. Schillingerhout, K.
W. Lee, and A. C. Beynen. 2002. Fatty acid composition of adipose
tissue in goat kids fed milk replacers with different contents of
α-linolenic and linoleic acid. Small Rumin. Res. 43:15–22.


